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METHODS FOR MULTIPI^ TARGET^^^ 
BACKGROUND OF THE INVENTION 

£„r th. .i«-spe=iflo cptur. ol ^^^^^ 

.old hy«idi..t:lo„,. T»e '^f^^ 

M,l„, .t l...t j;-'^: ^„,»„^ provide 

oovaluitly bound th.r.to. !»• TO 

support., i.prov.d >'-'^-''^^^^\,^^"-^„sZ^,n. 

^ cn-rfaces, methods for reauci«y 

n^Hu,: »n.;«od= ^r ^.i^-. — 

^ ^ ^r. ~"c\ d »v»ridi,.tio„s described ber.^ 

a solid support surface. Methods for gi^^^off, 
nucxeic acid to ^ITtionaX Croups 

R. et al. , introduction of 5 Term selective 
into synthetic 0^^f-=^^*'^;t^3^,.3:: (1987) ; Wolf , 
X^obilization. Anal. =i'''=^:'"-"t;irics\f D«A Attached 
S.F. et al., Rapid HY^ridxzat.on K.netics o 

T»4-»v- Particles, Nuc. Acids Res. 
to submicron Latex ^^^^^^^ ' xiamobilization of 

2926 (1987); and J. N. Kremslcy et al., I^m 
5 DNA via Oligonucleotides Containing an Aldehy 
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of the free nucleic acids and 
effect diffusxon °^J^^ /^^^.^ , multiplicity of 

comprising at least one P^^/^^J j,es covalently 

..screte -Hr^^e^r^^^^^^ ^ 

bound thereto. It "J/^^^^ ^..t 10 »un, but more 
dipstick be between "^^^^ ^.p3tic]c is generally 

preferably between 1 and - ^^.^^ ^^^3^^^^ 
longer than it is wxde. T ^^^^ ^^^^ 

versed into test "-//^^^JLte regions of nucleic 
longer than it xs wxde. The ^ ^^g. 

.cid are generally ^^^X/^T.Z..r pattern on the 
aay be either a rectangular or 

solid surface. be of the same 

The nonporous solid supp 

material as the -^^^ ^apjd for dipping into 
is preferably elongated and P ^^^^^^ ^^^^^ 

small volumes of Ixquid. preferably unchanged 

plastic, metal, or P^^*'^' By nonporous it is 

When exposed to ^^^'^^^^^^^^^t^,. Llution does not 
meant that nucleic acid in 1^e s P ^ 
become entrapped pores would also 

solid -^-°-J:7I.,t:rdefinition as it would be 

fall withxn thxs runc^^ 

effectively nonporous. ^^.j^rably selected from the 

The solid surface xs . polystyrene ; 

; following group: ^^I'^^'HZ^^ r.o^-^-^^ ^^^^^ 
immobilized latex ^^^^^ g,,,^; and carboxyl 

microspheres, carb^-^ -^^^^^^ be of the 

modified teflon. The s^ 

same material as the -^^^ preferably avoids a 

The dipsticK. s -^^^^'^Hif fusion rate of the 
porosity Which interfe-w^^^the^^^^^^ ^ ^^^^ 

free nucleic acids such tha P ^ion assay, 

limiting factor in the ^^^^^^^^J^,,^ .an be achieved 
The avoidance of a rate ^-^^^^J^^^, »small,- the 

by selecting large or small P° ,uch 
—trrTttres^reffUtively nonporous. 
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proteins include t:niol.^ed 3,ovine seru. albumin; casein, 
.n. U^^^.exa.in. ^^^^ ^^^^^^^^ ^ 

■ih^d above wherein the nucleic acid probes are 

bribes 4 be complementary to either hypervarxable or 
conserved regions of the ribosomal PNA. „3,„i„g 
This invention also provides methods for 

different nucleic acid probes covalently bound thereto. 
,S "liferent" it is meant that the nucleic ^^i^^ 

do not have identical nucleic acid sequences and wxll 
rreferen.ially bind to different " fo 

Lis method is preferably conducted usxng "^^^ 
^.aces described above for the ^^^^''^\^^^J\^Z 
20 preferably conducted using carboxyl modif«d latex 
20 for conducting thxs method 

Terer^r -es not inhibit the diffusion of nucleic 
fcirtst preferably, the surface has a porosity of the 
size ranges described above for the dipstxcX. 
,5 The method disclosed herein xs P'^^^"*^;^ 

" conducted using nucleic acid probes that - covalently 
bound to the solid surface through «P-- ™; 

35 in mammals. More preier within 
are complementary to sequences of UNA toun 
^ILsoIes. The preferred ribosomal KNX and the preferred 
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czhloride or tetraethylanmoniuB 

onioride. , 3.5 BOles per liter. 

ainmoniuB salt xs between ..„^tic)c can be surface 

surf ace-»odxfyxng »ox^ty c ^^^^^ it is .eant t^at t.e 
ionic or »etallxc. hy^ P ^^^^^^ 30, 

,0 dielectric constant tor^^ r ^ ^.^^^uc it is 

preferably ^^^^ ^^^J^^ "ns^t is above 30, 
.eant that tbe ^•^^^^^ Metallic surface-modifying 
preferably between 30 and ,,,,er and 

„.Uties ruttace-moWn, moiety is of 

15 aluminiim. The prei«£i-« 
the formula: 

.C:0-M(H)-R^-S-S-R« comprised of 

• T. «nd R are different and are coBf 
wberexn and R,3 residues are non- 

organic .^,n„,Jtion. There is virtually 

20 critical features of this i"^* so long 

no limit to the -^^^'^"^^'l^'^Z'^lT'^^^^r^^^^ lin^cage 

. - -tttr rricTl T"eclude molecular 
is preserved. Pra ^^^^ specxfxc 

weights in excess of 1000 ^^cordance with 

25 substituents for R^ and J^^^^ Situation. Kith the 
- needs and ^nvenience f^the^sx^ ^^^^^^^^ 

^derstanding that R i ^^^^^^^^ ^^^.o,i. preferred 

methylene, and ^» . .ethylene [-(CH,).-]. (d- 

substituent, include for » V ^ 

30 CIO) s alkylaryl (C7-C14) . ary ^ (C6-C10) ; 

-"-^^rr;::,'^?;'; ».»- 

carboxyl, nitro. sulfo. halo, acyl of R,, c 
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J. it is preferred that the ammonium salts previo y 
::::;i^a are usea When needed to o«set different .C 
contents between the 

When using a dipsticlc or oi^e ^^^^^^r-red 

.ig^i probe.. p.n.xttin, " a.«rti„, 

hybridization of «>. X.bei.a .1^.1 r^„,r" P."it 
o„. « tbo s.n.itivi.y '^^^ i^^ -..y. -r. • 

"""'TL™ ^J«ior;< ..„.i.ivi«. B»c«ri.i 
preferred format for rea ^araet Kits having 

:-r„orr/. ^i^rprrj-.-:: ...0. i..i 
" ""^-r :~tr:.r„ „.=i.ic .0. 
\-^rTi:r::.rin:s::r^i^ 

language context. 

DETAILED DESCRIPTION 
^is invention discloses a nucleic ac.d 
.yhridization assay format which 1^11^^-^^^' ^ 
dipsticK format has mechanical ^^^''^l 
35 formats presently being used. It permits y J 
without additional mechanical devices. 
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Kinod sputuja, saliva, urine, 
include fecaX •^--J^^:^,,,;^, Ind XiXe. T.e 
semen, plaque samples, tissue sa p ^^^^^^ 
meUiods of the present inven nucleic 

be detected in fecal or ^ the like, 

•pp. (S. dy.«.t«:i.., s. fl«™r . ^^^^^ ^ 

pylon), lite, £m„i, woh •» 

,.r.i.l. "tite, .»a protozoan., such 

. xun,, '""f '•/.^^.-rpi:! o? :npir.t,.y l.v«. 

be detected in saliva, spui: respiratory 

samples -lude " s, .uman 

viruses, J/^^! \a such as 

.pstein-barr virus, and the U^Ke. ^ 

Streptococcus P^^^^l^^ influenzae. Staphylococcus 
30 streptococci), . f ' p^.^^omonas aeruginosa, 

aureus, -^^''^'^^7 Z^^^^^^^^ tuherculosis , 
Neisseria meningitidis, HycoD ^^^^^ 

Spirochaetales, such as '^-^^^^^^^'^'Z capsulatum 
fungi, such as Candida alhic^s, Histoplas 
35 and the like; and protozoans, such 
carinii, and the like. 
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TO avoid nonspecific binding of target 
are provxded. To avo ,ki - of being chemically 

nucleic acid, a solid surface "P-^^« 7^;^ ^.^it 
Cleaned by disulfide reduction .s P"-^f ' J^^^,^^ 
use Of a universal ^^^^^^'^^^^^^ "^1";^^ ,.Xid 
Of alJcylammonium salts is P'-^^^"^' '^^^^ the 
supports having a porosity ^^^^^J^^^^ ,,,,,„ed. 
diffusion of the target "'^^J"^"''^/" ^^^i^ity of the 
Finally, a method for controllxng the sensxtivi y 

assay is provided. 

X. 0E»^ KETHO.S FO. NUCI^IC »«D 

u..;s in • "l"'" , ^ Iro» • r«vlew o£ 

„„l.i= A=U Ey«l..i.."o»^ » pr.«^l PP^ ^^^^^ 

support., K.inKo« 

«c„x„ - Which »v »«>.o. 

.11 ^.r of '^i2'°*'„r,„„i.««. o„ b.= 

„ous -----z;,.:;;:,"^^^^^^^ Of 

Whether presence of pathogens, 

acid sequences '^"""J " mycoplasmas, protozoa, 

such as viruses, bacteria, my v 

rickettsia or fungi. 
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„r portions thereof of an organism's genome, 
sequence J^'^^; ^^^^ ^^^^ .brained by reverse 

from messenger BHA, or isolation of 

transcription of messenger BNA fragments are 

genomic OK. ^ /-^./rTel^^ati" vecto^ such as 
.ypicaxiy inserted xnto replx^^^^ ^^^^^^^^^ 

:r?^tr-rr;.one; as a Ubrary in a .acteriaX 

ZsT. %olXowing ^^^^^^'^^^^-^Z'^Sr^^^ is 
,eco«*inant vector with the ^^^^^^ J''''^^^ 
isolated and labelled as described below. Tb 

4- - table host. The probe and Its veotw 

'^'^.ll^.«"«!^n. Following l.ol.tic», probe 

^1., .Olid ph... '*"''''°"-'*'\V:S 50 .nd 
Soc, 105:661, 1983). specific target, 

•-'~".orir:"urrri««%^ .p.="- 

^„c« o.n b. .ohlavea eo»..rol.lly 

~"^""4:r.r:^, ^ i^en.. o„. s.ve„i 

^„o.. TyplclW - °' 
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«i« biotin, thyroxine, and Cortisol, it 
ligand, for example, biotxn, y naturally 

can be used in ^^^^^^'^''^''l^^^^ ^tenic or 
antigenic compound can be usea 

antibody. Ai-rect.lv to signal 

g«..rating oo«pouna., ..g.. W " ' ' E„sy«. of 

Lidor.aucta.es, P^^^^^"^"^^ /"^n" ' d^ivatives. 
compounds include tluore-ein 

rnodamine and its '^^'^^^^'^ .^.^..^in, and 

etc. Chemiluminescent compounds inciuoe 
2,3-dihydrophtlialazinediones, luminol. 

«». .^u. .0 « r--f„tro; 

of a polar organic solvent. A comm ^ ^o 

w ,4. ift-60* v/v formamide, about o.s 
solution employs about ^0-60% v/v £ ^uch as 

sodium chloride, about 0.05 to ,,,3 ^o 

m<^4= wrl PIPES or HEPES, aoovit 
sodium citrate ^-"J^^j/^^^^,^ ^odecylsulf ate , and 
0.5% detergent, ^^'^ "/^^ ^i^on (about 300-500 

™ l-XO „y:p^olidone (about .50- 

Xilodaltons) , 0.1 to 5« P albumin. Also 

500 Wal), and O.OX to ^'"^^"^^""^^^.^^ion will be 
included in the typical hybriaxzaii 

to 5 

^.abelled ^^^1;;;^':^:^::!^ thymus or salmon 

mg/»l, ^» ^"^i 'L!"!ry fragmented yeast ENA and 
sperm, DNA, and/or partially J° glycine, other 
optionally from about 0.5 to 2* JJ^^ exclusion 

additives may also be i-^--^^^' f ^^^^ ^Iter-soluble or 
agents which ~ ^ "^^ ^^.^T polyacrylate or 

saccharidic polymers, such as dextran 



35 



PCT/US89/03378 



WO 90/01564 



10 



period .ppr=P"»" „ .„port to 

solution u.ed, «.. 91"-. i. mtroducd 

v^ich th. prob.-t.r,.t hybrl. " •"-^^^^',„J .^.u., 

- : r,""r^'r:ti«. — 
ntr: Ji*.:t..»t>. provi... i» 

THese reagents may ^® 
concntftion. .. »• ^„ „„ .ttin,.nt 

"-i^-r ;,rir.tirortr 
. ..t.i4„t. r«™t.7::e-::.T„ 

correct hybridization complex may now 

accordance with the nature of the ^.^^ ^he 

label. For example, where substrate 

is exposed to X-ray n-i . ^ irradiating 

.Xuorescent, the -P-^^^^r^t^elL^^^^ The sample 
• it with light of a particular ^-^^^^J^ different 

absorbs this light u^^y '-ector (Physical 

.5 wavelength which is picHed up by ^ ^ ^^^^^ 

Z detected by ^^j:::^!^ a colored 
^or --^^'^^.^^J'^^ , Jorescent soluble material. 

30 precipxtate. « "^"^^ ° ^ioluminescence or chemx- 
or Photons ^^^"^•"J'^^^ jor dipsticlc assays 

luminescence. The preferrea .^.i-ate a positive 

,.„.„«. . colors '7/^'r^tL'"r.Pn.-. 

„ „.pho.phoryl«. ^-""^^ J^J co„v.rt 

participate in a ^ 
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a single test sample using DNA/RNA probes xn a sandwxch 

" ::rL.wic. hybridization .or»at using OK. 
probes provides a rapid diagnostic ^^^^^ 
L detection of virtually any pathogen xn c«de cell 
ivsates without prior isolation of the nucleic acid. In 
ilis forlat! two non-overlapping sec^^ences co«pl«aentary 
^ the target nucleic acid are identified and at least 
two DMA/RNA probes are cloned or synthesized. 

The first DNA probe subsequently is iin»obil«ed 
to a solid support and. when conducting a clinical assay. 

used to capture a target nucleic acid fro» a complex 
cell lysate via hybridization to form a specxf .c duplex^ 
i:Vsa.e time or at a subsequent time, the second DHA 
pro- -ISO hybridized with the target 

for» a specific duplex. This second DNA probe « labeled 
L can be detected directly through a probe-linXed label 
suth as an enzyme. or indirectly 
:i:tin:labeled-streptavidin system. The amo^t of ^e 
target nucleic acid (i.e., the pathogen, present in^e 
Clinical sample is indicated by the amo^t o^^^^^^; 
second DNA probe which is contained w.thin the 
hybridization complex. 

The sandwich format can be used to develop assays 
which detect multiple targets simultaneously. A 
mrlnciple feature of this assay is that discriminatxon of 
~e* nucleic acid targets <DKA and/=r -a, - 
achieved by site specific sequestering on a solxd surface 
of the target nucleic acid itself. 

An example of a multiple target assay for ea^ of 
the 16S ribosomal RNA (rPNA) of three microbes xs shown 
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preclude .he use of enzymes as labels unless ^PP^P^i^^ 
iLibitors are added af1:er lysis. However secon 

labelled with biotin. Alter 
DNA probe can be lab chaotropic 

r r.."i. irc::a.- 

agents oy ^^tected with avidin conjugated with a 

DNA probe can be detected wi« 

signal generating system as described below 



step assay. 



" Tn t^e ^wo-step h^^^^^^^^ -"y' 
° - unlabeled inittobilized probe and 

conducted separately. rot ^ ^^t.- and release 

deleteriously affectea oy pr second 
,3 in the lysing bu«er^ Xn -^^^^ 

hybridization is conducted xn a ^ 
compatible with the maintenance of activity of 

linked to the probe. 

The two-step assay also can be run 

^ «ft«r cell lysis, the target nucleic 

aoia can j imnobilized probe. 
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a) one/Two step 

b) one/Two step 

c) One/Two step 

d) One/Two step 



25 
TABLE 1 

^-r^^}T^ Probe. 

Specific 
Specific 

partially Specific 
Non-specific 



Specific* 
Non-specific* 
specific* 
Specific 
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«,.n conducting th. .ultipl. "r,=t: " 

necessary to have a nignxy y ^^^i^ned to hybridize 

-labeled probe can be designee w ij 
this case, the labeled pr ^ ^^^^^ ^^^^ 

Tidily, it .ill b. po..ibl. to «atipl.. 

Finaxj-y, * detection of 

„ltipl. di«.r.nt cc»«v^ r«i.n. " "/^^^^^^^ ^. 

™ - »; l;^^^-^,-^- .ri";. "ultipl. t...t 
development of acre nxgn y ^^obes can be used, 

„.„. .inc. t'lTir^rt ir:: re,i.n o. les 

:r..°Trrit vt: r. po.si.ie to d.«iop . ,»..ic 
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„ times involve nucleic acids having significant 
: :ra.rs in^ieir .espective 0:0 an. .:U or 

- ~ce 

^.r^ir^»^ salt conditions than ttxe a-u oj. « 

ability to stably hybridize under similar hybridi 

10 conditions. „„*e™arv alkyl anmonium salts are 

Tertiary and quaternary aiJeyj. . ^. „here it 

able to stabilize the A:T base pair to ^« ^^f/^^^ 
is equivalent to the stability of the G:C base pair The 
ratios Of these salts include aKyls ^^^^.T^^^ 

15 inclusive, with both branched and •'-^^J^^J^";^^ 

individual alKyl substituents ^^^^^'^^^^^'Zl.e.e 
different. The anions are non-critical and inci 
tcetir iodide, perchlorate, thiocyanate, chlor.de and 
acetate, lodia , P preferred anions are 
bromide and the liKe. -ait is 

.0 bromide or chloride. The most P-'^^-f 

25 preferably about 24 nucleotid^. ^« /"^^^^.^^..^ 
alkylwnmonium salts upon nucleic acid ny 

and generally reviewed in Biopolymers 16.1183 

(X977) • 
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,4 4^*, 11 be important for tne 

^ the overabundance of a etiologic agent sucn 
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TO illustrate clinical application, .t xs Icnovm 
T Microbes are associated with bacterxal 
ti^at — infection curable by 
vaginosis which is a j„ the disease 

treatment with the proper -^"'"^^^ '^^^^^ ,3,,^ 
5 condition these ^^^^^^ "^/^^^l^^ p^^^^^ 

.i«erent abnormally ^^^^J"-^^^^^^^ "^^^^^ J^ed upon 

(eg., a ^^^i ^e indicated only when 

dipstick) for a disease state wixx » „.iue 

Also, assume that the use oj. « ^ i«e 

. . detect loVinl of that microbe's 16S 

«tg.t. IB pr. ^iticl 
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sulfUydryl groups for subsequent reaction wiUx the thxol 
rlactlvf oligonucleotide described below in sectxon II 
l^ Z The preferred method is to modify 1:be surface 
TiS disulfide derivatives containing nucleophil.c an.^s 
wblch participate in conjugation, and then to reduce the 
disulfide groups to ^onothiols by ^^^^^^^IJ^^^J^ 
example, dithiothreitol , in order for the thiol reactxve 
portion Of the activated oligonucleotide to covalently 

bind to the surface. 

Virtually any solid surface can be used in this 
invention, including metals and plastics. Three types of 
iolid surfaces are available for modification, ,«m.ly: 

a) Membranes, Nytran. (Schleicher * Scbuell, 
inc Keene, NH 03431) polystyrene beads, teflon, 
p:!;;ty^ene/;atex beads, latex beads or any solid support 
posses^ng an activated carboxylate, sulfonate phosphate 
L similar activatable group are suitable for use as 

solid surface substratum. ^,e*ion 

b) Membranes, polystyrene beads, teflon, 
polystyrene/latex beads, latex beads or any solid support 
possessing an activated carboxylate, -^-^^^ « 
phosphate are suitable for use as sol.d surface 

substratum. ,„4.H«^»i-<.d 

c) porous membranes possessing pre-activated 

surfaces and may be obtained commercially (eg. Pall 
^d^^e lmmunoaffinity Membrane, Pall, BioSupport 
Division, East Hills. HY, or Immobilon Affinity membranes 
from Millipore, Bedford, Mass.) .^.^..^h-d 
The following chemical moieties can be attached 
t:o the solid support surface: any aminoalJ^l or aryl 
disulfides (for coupling of the oligonucleotides) , any 
„ercaptans (for surface modification) any 

alcohols (for coupling of ^^^^-^^"^^'^"^ ' ""^"^^ % 
disulfides (for coupling of the oligonucleotides), any 
S2-RI2-S-S-RI3-SH Where R12 and R13 are the same or 

^^ff'ent. K,, and K,, - ^^'^^ZoTZl 
not to be viewed as a limitation of thxs invention. They 
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plastic, glass or ceramic support with the use of 

appropriate adhesives. 

in the case of spheres or beads consisting of 

Hvtran., polystyrene, polystyrene/latex, latex, or any 

other polymer possessing an activatable carboxy group 
procedure of J.V. Staros et al., Analytical 

Biochemistry 156:220-222 (1986) is employed. The beads 
are placed in a 100,000 to 1,000,000 molar excess of 1- 
ethyl-3-(3-diethylaminopropyl)carbodii2iiide (EDC) , or 
other carboxyl activating reagent, in aqueous buffer at 
PH 5.0 to 5.5 for 2 minutes at 20- to 30- C. The excess 
and unreacted EDC is then r«noved by centrifugation or 
filtration of the beads. The activated beads are exposed 
to 0.01 to 1 molar solution of an aminoalkyldisulfide or 
an aminoalkylmercaptan preferably cystamine or cysteamine 
(2-aminoethanethiol) in a non-amine containing buffer 
such as sodium borate, sodium phosphate or sodium 
carbonate at about pH 7 to 9 and allowed to react for 1 

to 24- hours. J V,,, 

After appropriate washing steps, followed by 
centrifugation or filtration, the disulfide of the 
conjugated cystamine is reduced to a sulfhydryl using a 
reducing agent such as 0.01 to O.l M ^^^'^^^^^°\;^ 
dithioerythritol if cysteamine was employed in the last 
step, the beads do not require a reduction step. 

support surfaces described above without 
activatable carboxylate groups can also be activated. 
These supports can be any shape or size. The surfaces 
are first coated with a solution of latex polymer which 
cl^tains carboxyl groups (Carboxylate-Modif ied Tube 
coating (CKL) , Seradyne, Inc. ^^^^""""^^^^'^^'^^ 
Following drying, the carboxyl groups °" .^^^^ 
surfaces can be activated, and then conjugated with 
modified oligonucleotides as explained below in section 
IV part C. The use of the CML coating is a preferred 
mode of producing a multiple target dipstick. 
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strips, CML coating xs -P^^^"^ ^^^^^^ „ sa»e type 

above and to each well a ^-^^^I^IJ i^obiiized. 
Oligonucleotide sequence »ay be 48, 

«,is permits the ^°-»^"%f/^tIgo"cleotides »ay be 
24 or 8 different specific 

T ^, Ti rt 1nn.U ^n 1 -1 on "f ^ J r^jc acids forTse in 

^"""iret";on:^^^^^^^^^ of between 
this invention are synthetic ^ ^^^j^er arm 

20 and 100 bases. ^^^^^^^^'l ...pled using 

containing . blocKe^ "^'r^T? -h^roxyl group of an 
conventional Chemistry -^^^^^ used as 

Oligonucleotide, f'* invention can be derived 

starting ,,,gents for the attachment 

through several methods. The r g primary amine are 

Of primary ^ ^^^^rr^ the preferred 

commercially available ^^J"; J^^^^.^ctional reagent, 
^oup for attachment ^» preferred. 

and its "r,Se in this invention are 

Starting materials suitable for in ^^^^ ^^^^ 

described in PCX U.S. 86/0^29 ^^^^^ ^ 

15:3131 (1987); Hud. i^cids Res., 
Hucl. Acids Res., 14:7985 (1986). 
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tor example, butane diamine to form a Sohiff base and 3) 
treating with sodium borohydride or cyanoborohydrzde to 
form a stable reduced SchiCf base derivative in which one 
of the amines is left free for subsequent conjugation. 

DNA bases can also be modified to become thxol 
reactive before or after preparation in a DNA 
synthesizer. Using the post-synthesis approach, natural 
nucleic acids (DNA and BNA) and molecularly cloned 
nucleic acids, as well as synthetic nucleic acids, can be 
modified. in the case of cytosine, a more nucleophilic 
«.dne is linked to the 4-position of cytosine by a 
variety of chemistries. The amine can be added by 
treatment with hydrazine to generate N-4-aminocytosxne 
(Sverdlov, E.D., et al., FEBS Letters, 62, p. 212. Feb. 
X976). This reaction is catalyzed by bxsulfite. 
Alternatively, an amine can be added to the 4-position by 
bisulfite catalyzed transamination reactions where a 
diaminoalkane is added to the 4.position (Shapiro and 
weisgras. Biochemical and Biophysical Research 
communications, 40:839, 1970). Bi-f unctional 
semicarbazide can also be used to add nucleophilic amines 
to the 4-position of cytosine (Hayatsu and Ukita, 
Biochemical and Biochemical Research Communications, 
14-198, 1964) . The base with the free amino group in the 
oligo is then made thiol reactive through the reaction of 
the nucleophilic amine and a NHS ester of a carboxylic 
acid derivative substituted with a alpha- or beta- 
unsaturated carbonyl, or alpha-halocarbonyl groups or the 

other nucleic acid bases with nucleophilic amines 
on other positions can be used for reactions with NHS 
esters of a carboxylic acid derivative substituted with 
a alpha- or beta-unsaturated carbonyl, or alpha-halo- 
acyls For instance, 5-[N-(7-aminohexyl) -1- 

acryl«iido]-2.-deoxyuridine 5 • -triphosphate (Calbiochem. 
La Jolla, CA) can be added to the 5- end of 
Oligonucleotides in reactions with terminal 
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this invention can be purchased from Pierce Chemical Co., 
Rookford, IL. Examples include: 

N-Succinimidyl 4-(iodoacatamido)ben2oate (SIAB) . 

Sulfosuccinimidyl (4-iodoacetamido)benzoate 
5 (Sulfo-SIAB) 

^ ,.^r^ ., ^,l-4nn of ^-V^^ ^^^-^vatP^I Ol j qonuglentj de tp the 
Thi mated p»T<rt suppoTt Surface 

The thiolated surface of section IV, part A, is 
reacted with the activated oligonucleotide, using a 5 to 
10 100-fold excess of activated oligonucleotide over the 
maximum oligonucleotide binding capacity of the solid 
support. This method gives 5 to 100 micrograms of oligo- 
nucleotide (for a 24-mer) per cm* for a Pall Immunodyne 
membrane or 0.05 to 1 microgram per cm* for undiluted 
15 Seragen CML Tube Coating. 

The reaction occurs in aqueous buffer between ph 
5.5 and 9.5 (With the pH range of 7-8 being preferred) 
and is allowed to proceed from 1 to 16 hours at about 19- 
to 24 -C. volumes of the reaction are held to a minimum. 
20 The conjugate is separated from free oligonucleotide by 
repeated washings in buffers containing ionic detergents 
such as sodium dodecyl sulfate, sodium laurylsulfate or 
hexadecyltrimethylammonium bromide (CTAB) or nonionic 
detergents such as Tween 20, with a final wash in water. 
25 The solid supports can be stored dry. The supports are 
stable indefinitely when stored dry or stored in the 
appropriate buffers at 4»C. 

Oligonucleotides modified with thiol-reactive 
groups can be conjugated to the derivatized solid support 
30 by a variety of means. These include slow filtration in 
the case of membranes, immersion in a solution of 
functionalized oligo when plastics frits are used or 
overlaying the activated oligo solution on the activated 
surface of a flat plastic, glass or ceramic sheet. 
35 once the oligonucleotide is covalently bound to 

the solid support surface it is useful as a probe in 
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»tt«r conjugation of th« surtaoe or m 

"« » opt"- p""' " * 

surface of the solid support is important for 
•olid .upport. Th. lollowin, .re illustr.tiv. 

.ur..c. provU.s «. o»~i-l 

^ +-7-eatment modification oi 

conjugation step by reagent to provide 

. residual thiols with the appropriate ^ 
covalent bonds. Such conjugations -" "f 
..^ophohicity. ' ^efficient. 

25 transmittance, porosxty, .^^ace. 

" ^^^^^^^^^ 
" — '-r^:-oo„.„. to «%rrrr= 

described directly above in Section x, 
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Cleaved and the protein is released into the solution 
its non-specifi=ally associated ^^^^^^ ^^J^^^^, 
It Should be noted that this type of "cheinical 
cleansing" (disulfide reduction to remove specxfxc 
3 .roups>, in addition to ^^^^.-n.^^^^^^^^^^^ 

«-!«r.^*i can also be used to aiter wi 

«.».=i«.»e.. friction c»eKl=i.« T ~ Si 
conductivity .n^ n~t cp.city of ».rf.c. of th. 

" "T."'f=iicvi„, .^v., to iiiu.tr.t. .oro 

.p.oi.icii, t.. .^.r.i.i. ™re. 
described directly above. After «ie 

XU-oti.. i. ir..vor.i.W coupl.. tc '-P"" 

^ftr if .^.on. conditions .r. r.^ir.d, , or organic 
Tivlnt oontTinin, o.ooox-0.1 H "i""'*^ 

.i.»in (Bs., °-;'-\o%"^'°iri";re»rcrt: 

for 10 to 60 minutes at 15 to 50 c. ine 
.0 pr-otes an oxidation reaction which produces a disulfide 
bond between the dipsticlc and the BSA. ^^-""^^^^^^ 
are removed by alcoholic washes followed 
washes containing ionic detergents. Surfaces -dxfxed xn 
Lis way contain irreversibly conjugated capture probe 
25 and reversibly conjugated BSA-protein. 

After formation of the hybridization complex 
between immobilized probe, target "-^^^r J^^^ 
labeled probe, all disulfides on the surface may be 
cttlted by treatment with dithiothreitol , beta- 
30 re^a^toe Janol or the li.e. This highly specific 
Cleavage removes much of the labeled DNA probes which is 
cleavage ir«w" ^t^^*-*r-v surface. Such 

r,«T,-Biiecifically bound to the dipstick surrac 

alio.' t«. d.v.iop..nt Of ™. ^"'^Jl'Zl 
Which h.v. hi,h .i^al to noi.. ratios, and 

3 5 extremely sensitive. „v*«*-*» 
This Cleansing is particularly advantageous where 
the target nucleic acid to be detected is present within 
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cer-lcs in .ny con£=r.«io„ or ....p. to «. 

5 plates and wells, glass tubes and the IxXe. 

The rate of hybridization of nucleic ac^ds in 
solution to a complementary nucleic ^cid i--l..ed^on 
a solid support is normally a three step p 

nature of the solid support. ir tne 
depending on the nature or t«« those 

XO soLd support is a filter ^^^^^^^'^'^^ ""l^^^Zl 
commercially available from Pall or ^-^^^P""' f ^/^^ 
limiting steps leading to hybridization consist of the 

following: ^^^^ ^^^^^^ ^^^^^^^^ 

15 nucleic acid to the dipsticl. device surface; 

2) The rate of internal diffusion of the target 
nucleic acid within the solid support. 

3) The rate of nucleation between the target 
nucleic acid and the immobilized capture probe. 

in contrast to solution-phase nuclexc acxd 
^hybridizations, which are only marginally "^^^-^^^^ 
diffusion, the rate of hybridization of "-^-^ ^^"^^ 
solution to a solid support (mxxed P»^*"^ 
substantially limited by external and internal 
Lffusional control. Therefore, to maxxm.ze the 
efficiency and rate of hybridization, several ^ey 
^aLeters of the sandwich assay system ^-e^^^ 
defined. First, the concentrations of the nuclexc acids 
To'd ;e 3cept as high as possible. Second, tj^^^— 
30 Ihould be minimized to the fullest extent. Third the 
distances should be minimized between the surface and ^e 
target nucleic acid in solution. Fourth we ^ave found 
thi! polymeric forms of capture ^'^J''°''Z 
good icinetics for hybridizing to target P"*'-^ 
35 Lpturing polymers are then sequestered on the dipstick. 
Z pJlferrer polymer is polyethyleneamine having 
Tam Oligonucleotides covalently bound thereto. 
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Minifold 11 apparatus (S.S Inc., Keene. N.H.) and 5 X 
^0-" »oles to 2.5 X 10- moles of cystamxne (Aldrxch 
Chemical company, Milwaukee, Wisconsin) in XO jl 
^...oT iters was applied to the membrane .n successive 
5 flol! The membrane was removed and washed 4 to 5 t^es 
with 15 to 25 ml of PBS (0.01 M sodium phosphate pH 7.4, 
0.13 M Naci) and then reduced with 0.1 M dithiothrextol 
(DTT) in PBS (15 to 25 ml) for 30 minutes with constant 
The^membrane was washed 3 to 5 times with PBS 
10 and the appropriate slots cut out for "^"-Jy^^^' 

filter was then placed in 0.5 ml of 5,5 .-dithxo-bls(2- 
„itrobenzoic acid) (DTKB, Pierce Ch«aical Company, 
Rockford, Illinois) for 15 minutes with constant shakxng. 
200 Ml of the solution was then measured for absorbance 
15 at 405 nm to determine the degree of derivatization. The 
results were compared to a DTNB standard curve generated 
using DTT. The results indicated that between 7.5 X 10 
and 2.25 X 10- moles of cystamine were covalently bound 
and reduced to 2-aminoethanethiol per 7 mm^ respectively. 

TO demonstrate the binding of cystamine to 
polystyrene beads or polystyrene/ latex beads (Interfacial 
Ramies corporation, Portland, Oregon) 200 
25 oTbeads (4.1% solids) were pelleted at 10,000g and then 
resuspended in 500 ^1 of 50»g/ml EDC in PBS at pH 5 5 and 
incubated 5 minutes at 22-0. The beads were then pelleted 
at 10,000 X g and resuspended in 50mg/ml « 
0.05 M Ha borate pH 8.3 and incubated «° 
30 The b«.ds were then washed ^^^'^l^^ 

containing 0.1* Tween and then reduced with 0.1 M WT f or 
30 minutes at 22.C and again extensively 
PBS/Tween. The DTNB assay (described above) ^"^1"^^^^ 
X 10-" moles of cystamine were bound (and reduced) to the 
35 beads, cystamine binding to the carbox-Modif ied Tube 
coating (CML, Seragen Diagnostics, Inc. Indianapolis, 
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for 1 hour in the dark at ambient temperature. The 
excess reagent is removed by desalting (size exclusion) 
on a G-25 sephadex column in PBS or PBS containing 3M 
NaCl. 

5 Example 3: Conjugation of the Activated Oligonucleotide 
to the solid Support. 

The activated oligonucleotide can be bound to the 
solid support by two methods: (a) inmersion if 
polystyrene/latex beads, CML coated surfaces or porous 
10 membranes are employed or (b) filtration if porous 
membrane is used. In this example, oligonucleotide 
binding was monitored by «P radioactivity as the 
oligonucleotide was labelled at the 3' end with P- 
cordycepin phosphate. 0.12 to 1.2 of Bg5B6n was 

15 applied in l to 10 microliter volumes by filtration to 2- 
aminoethanethiol derivatized Pall 

immunoaffinity membrane in a slot blot apparatus. The 
filters were washed extensively with an aqueous solution 
containing 0.5% sodium dodecyl sulfate (SDS) and then 
20 radioactivity was monitored by scintillation counting. 
The results indicate that up to 0.1-1.0 ^g of 
oligonucleotide can be bound per 0.28 cm= of Pall 

membrane. j. j 

When the same SIAB-oligonuoleotide was incubated 

25 by immersion with can. coated frits derivatized with 2- 
aminoethanethiol, up to 0.02 Mg of DNA was bound to the 
frit. Similar results were obtained with derivatized 
polystyrene/latex beads. 

Example 4: Hybridization Properties of the Covalently 

30 conjugated Oligonucleotide. 

The ability of the covalently conjugated 
oligonucleotide to hybridize to complementary DNA or RNA 
in solution was demonstrated as follows: Pall membrane 
was derivatized with 2-aminoethanethiol and conjugated 

35 with SIAB-Bg5B6n as described above. Discs of the 
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TABLE 2 

compound % capping (disulfide formation) ^ 

(hydrophobic) triphenylmethyl mercaptan (TMM) 20% 

(cationic) dimethylaminoethanethiol (DMEA) 66% 

2-aminoethanethiol 1°°* 
thiocholesterol 

12% 



(cationic) 
(hydrophobic) 

(hydrophylic) penicillamina 



10 Hybridization assays as described above indicate 

that the rate of hybridization is increased approximately 
1.5-fold when the surface is made hydrophobic with THM or 
DHAE. 

Example 6A: The Multiple Target Dipstick for Detecting 

15 Peridental Bacteria. 

Preparing the multiple target dipstick requires 
the selection of a semi-rigid plastic stick of 
polystyrene. The stick is approximately 5 cm long, 
having two flat sides having a width of between 0.1 and 
20 0.5 cm and a depth of between 0.05 and 0.3 cm. 

A commercial preparation of CML Tube coating xs 
diluted with 50% ethanol. The diluted CML Tube Coating 
is painted upon selected regions of the dipstick. Any 
excess CML Tube Coating is removed and allow the material 
25 is allowed to dry without the use of heat. After drying 
the carboxy groups of the CML Coating are activated using 
l-ethyl-3-(3-diethylaminopropyl)carbodiimide (EDC) . The 
EDC in used in a non-amine containing buffer at 10 to 100 
mg/ml at pH 5.0. The reaction is allowed to proceed for 
30 2 minutes at 18- to 25- C and the EDC is then decanted. 

immediately after decanting the EDC add 0.01 to 
1 molar cystamine or cysteamine (2-aminoethanethiol) in 
a non-amine containing buffer at pH 8.0 and allow the 
reaction to continue for 1 to 24 hours. After 
35 appropriate washing steps with phosphate buffered saline 
followed by water the cystamine is reduced to 2- 
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sample can be frozen until use. When the assay is ready 
to begin, 100 ng of an unrelated carrier 24 mer 
oligonucleotide is added to the sample if the bacterial 
count is low. 500 ul of sucrose lysis buffer is added 
5 comprising: 75% sterile sucrose, 10 mM EDTA, 10 mM EGTA, 
and 50 »M Tris-HCl at pH 8.0. The sample is vortexed 
briefly. 

Bacterial cells are resuspended in a lysxs 
solution (20 mg/ml lysozyme, 25* sucrose, 50 mM Tris, pH 

10 8, ao mM EDTA), and incubated at 37 -C for 30 minutes, 
sodium dodeoylsulphate is added to a final conc«itratxon 
of 1-2* and pronase (l mg/ml) or proteinase K (200 ng/inl) 
and the solution is incubated 30 min at 37-C. The 
lysates are extracted twice with phenol: chloroform (1:1, 

15 v/v) and then ethanol precipitated. Nucleic acid is 
pelleted, washed with 70* ethanol, and resuspended at 
approximately l mg/ml in ix TE (10 mM Tris, pH 8.0, l mM 
EDTA) - 

The bacterial nucleic acids (.01-10 ng/ml) are 
20 then placed into a hybridization solution containing 30* 
formamide, 0.09 M NaCl, 0.01 M Tris-HCl, 5 mM EDTA, 0.1* 
SDS, IX Denhardfs solution at pH 8.0. oligonucleotides, 
complementary to the conserved regions of the bacterial 
rRNA: CACGA(G/A)CTGACGACA(G/A)CCATGC and 

25 TACGGNTACCTTGTTACGAC and conjugated to horse radish 
peroxidase are added to a concentration of .01-. 2 ng/ml. 
conjugation can be achieved using known techni«iues. The 
preferred means for conjugating horseradish peroxidase 
was provided in U.S. Serial Ho. 148,258, filed January 
30 25, 1988, and is hereby incorporated by reference herein. 
The hybridization reactions are permitted to carry on at 
42 'C for 1 hour and the unhybridized oligonucleotides and 
nucleic acids are removed by repeated washings with 
hybridization media minus formamide and SDS. The 
35 dipstick is then washed with 0.1 M Na citrate at pH 5.5 
and developed in 0.1 M Na citrate, pH 5.5, 0.5 mg/ml 4- 
methoxy-l-naphthol, 0.02 mg/ml 3-methyl-2-benzo- 
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containing 0.5% SDS. The .il.ers were ^en Pro^ed with 
5 »g/ml of streptavidin/horseradish P«°"^^^\""^J^^^ 
in filter wash containing 0.5% SDS. The incubat.on was 
or X hour at ^'C. The dipstick were then washed at 
5 lient temperature 3 ti.es with ^-^^^''^^IJ^^^J^^ 
three times with filter was without SDS. The filters 
were developed as described in Example 7 

The results indicated that specific bacterial 
species (one or all the bacterial species described 
XO above, could be detected in a complex ^^^^J^^^^ 
and organic material using a multiple site dipsticJc. 

Example "^^.^f^^ ""^"^^^^ ..^±A^s 

^3 one 24-nucleotide species specific sequence from 

the hypervariable region of each of the 16s rRNAs from 
Actin^acillus actinomycetemcomitans , Bacteroides 
gingivalis, EiXenella corrodens, and Bacteroides 
Intermedius is synthesized possessing a 5- -terminal 
20 primary amine hexyl-linXer as described in J' 
Each Oligonucleotide is covalently immobilized on a Pall 
membrane as described in Examples 1-5 above using a 
Minifold 11 Slot blot apparatus ^^^^'^^'^^^^J'^^fl', 
Keene NH) . Approximately 0.1 microgram of each type of 
.5 trr^-Ter oirronucleotide is i^obilized per slot and 
each Slot is approximately 1 cm in length separated by a 
distance of 3 cm. The Pall membrane is cut such that each 
strip of membrane possesses the four d^"*""^ 
oligLucleotide regions. Each strip is then used in a 

30 separate hybridization assay. , , ^ «:„iutions 

The dipsticks are then placed in 1.5 ml solutions 
containing 30% foraamide, 0.09 M NaCl, 0.01 M Tris 
^b Im EDTA, 0.1% SDS, IX Denhardt.s solution and 
0 2 ug of a 48-mer synthetic oligonucleotide 

35 c;mplementary to the 24 nucleotide -^-^V^^^^f^;-^ 
on the membrane as well as a 24 nucleotide length 
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TABLE 4 



10 



15 



20 



Vims 

HPV6 
HPV6 

HPV 16/33 
HPV 16/33 
HPV 18 
HPV 18 



25 



""lllTcT oiSf synthetic oligonucleotide 



%GC 



30 



+ 



35 



+ 
+ 



iGTTGAACCGTTTCGGTCCCCTCC5 ' 62.5 

tCTGCCATAACATACTTCCCAATGS • 45.8 

GCTGAGTTTCCACTTCAGTATTGC5 • 45.8 

3'CACGTCCTTGAGAAAAAGGATTTC5' 41-6 

3«GAATGCTCGAAGTCGTCTGCTGAG5' 54 

3«TCGTCGGGCTGGTAAATGTTGATG5' 50 



'GC 
*GC 



The dipsticks iBnobilized wxto 
.™Hix»ations of the three capture oligonucleotides are 
:rc" a hybridization solution containing a fixture 

L 16 and 18 plas^id DKA-s < » ' <>^-^ "^/^^^ ' , 

fonna^ide, 0.09M KaCl, O.OIM Tris-HCl. 

SDS. IX Denhardt's solution at pH 8.0 at 42-C for 1 24 
h^s and the unhybridized nucleic acids are removed by 
::rea.ed washing with hybridization .edia „inus f or.a..- 
J. SOS. The dipsticlcs are now probed with ^^^^^^^^^ 
biotinylated oligonucleotides in the .«ae hybridxzat.on 
solution replacing a 0.09M KaCl with 0 6M^C1 for X - 
. hours. The dipstiCcs are washed well ^ 
wash (0.009 M Tris pH 8.0, 0.18 M NaCl, 2 nM t. ^ 
^en reacted with streptavidine-horseradish peroxxdase 
:::;ugat. (Zy-ed X^oratories, Xnc, San Franc sco 
dliflmia) 2 Mg/«1 i" 2X filterwash jj^^^ ^^^^f^ 

tor 30 minutes. The dipsticks are drained and then 
Z^l^ several times with 0.1* Tween in « P^-f^^^ 
Lfered saline (PBS, O.OIH ^^''^^^^^^ ^Jl^'J^^^, 
Nad) . The color is developed as described in Example 

intense blue precipitates on selected areas of 
.He dipsti^ confirm the presence of the different HPV 
nucleic acids. 
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TABLE 5 



The Kinetic of Different Solid Supports 



10 



,?i3PDort 

Pall Ijmatinodyne membranes 
CML on Plastic Sheet 
CML on Polyethylene Fri;t 
Beads on Polyethylene Frit 
Polyethylene Beads in Solution 



3-4 hrs 
5 min 
10 min 
10 min 
2 min 



20 



Example 9: The Synthesis of Biotinylated Short Probes 

5 ■ -A^Kinohexyloligonuoleotides at a concentration 
Of X .g/ml is reacted with a XOO fold exc^s^f 
15 sulfosuccini«idyl-6-(biotinaMido) hexonate J^J^ 
hiotin) in 0.1 M carbonate buffer at pH 9.5 for 30 
Lutes at roo« temperature. The reaction xs »onxtored 
HPU: on a reversed phase C8 200'^ Dyna.ax Ra.nxn 
column with a CH,CN/H,o mobile phase and 
less than 90% completed additional NHS-I^-bxotxn xs 
alLd. The biotinylated oligo is HP.C purified as a^ove 
as a single peal.. The organic phase xs removed under 
reduced pressure and the biotinylated oligos redissolved 
in distilled water for use in assays. 

Example 10: The Use of Polycysteine as an Amplification 
Sy^em for Increasing the Quantity of Capture Oligo on 
the surface of the Solid support. 

Poly-S-CBZ-L-cysteine was obtained from Sigma 

Chemical Company (St. Ix^uis, MO, and ^ 
30 Lcentration of 20 mg/ml in dimethyl ^''^^^^J^JJl 
microliter volumes were applied to 0.28 cm squared discs 
:i p!H membrane and incubated at «nbient temperature for 
15 Tinttes. The membrane discs were then incubated in 5 
"l Of concentrated ammonium hydroxide for 30 — ^es at 
35 20 degrees C. to de-blocK the CBZ groups and generate the 
free sulfhydryl groups. A DTNB assay (see Example 1) 
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reduced, the filters chemically reduced exhibited a 
greatly reduced background of bound streptavidin/HRP . 
Essentially no color was observed on the chemically 
reduced capped filters, while the uncapped filters or the 
capped filters not treated with DTT showed blue color 
indicating the presence of oxidized 4-methoxynaphthol. 
Therefore, the cleavage of the disulfide bond leading to 
the release of 2-aminoethanethiol or thiolcholestrol 
significantly reduces background to chemical cleansing of 
the surface of the solid support. 

Example 12: The Equalization of Melting characteristics 
of Probes with Different GC Content in TEABR. 

Twenty ng/ml each of two »2p labeled 24 mer probes 
15 specific for HPV18 nucleic acid namely HPV18A1B (25* GC 
content) and HPV18A3B (67* GC content) in hybridization 
solution containing 0.6 M NaCL 90 nM TRIS pH 8.0, 0.5* 
SDS, 5x Denharts solution, 30* ^ormamide and 0.1 mg 
denatured Salmon sperm DNA are hybridized over night at 
42 'C to HPV16 plasmid DHA immobilized on Nytran filters. 
The filters are then washed twice with different 
concentrations of TEABR solution containing 50mM TRIS pH 
8.0, 2mM EDTA, 0.1* SDS, ranging from 2.8M to 3.4M in 
O.IM increments for 30 minutes at 29-C. The filters are 
monitored for radioactivity. Similar signals are 
observed only with the wash in 3.1M TEABR for both probes 
indicating that the melting temperatures are equalxzed 
leading to comparable rates and extents of hybridization. 
^) sandwich ^««v gani-nr« of B, n1nn1v?^Us rP^A 

TWO 24 mer B. gingivalis probes (BgSB and BgSB 
which differ in G+C content to the extent that a 20- 
difference in Tm is observed between the two probes) were 
«nployed on the "signal" side of the sandwich assay to 
determine the affects of TEABR in the hybridization 
35 solution on the extent of hybridization. In this 
experiment B. gingivalis rRNA was captured using a 
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oligonucletide probes complementary to conserved regions 
of bacterial X6s rRNA (signal probes) were added to a 
final concentration of 100 nanograms per ml to the lysate 
and to the 3 M GuSCN lysing solution that was to be used 
5 as the diluent. Seven, ten-fold serial dilutions were 
then made. The solutions were incubated with Nytran* 
discs which had covalently immobilized 1 microgram of Bg 
specific oligonucleotide probe (capture probe) for 1 hour 
at ambient temperature. The solid supports were then 

10 washed with SDS/FW (sodium dodecyl sulfate and filtered 
water) at ambient temperature and then incubated with 10 
ng/ml of Strepavidin/Horseradish peroxidase (SA/HRP) 
conjugate in SDS/FW for 30 minutes at ambient 
temperature. The solid supports were then washed with 

15 SDS/FW. FW (filtered water), and then the presence of 
peroxidase was determined by incubating the filter with 
a substrate that formed an insoluble product. The 
results indicated that a level of sensitivity of 1 x 10 
bacterial cells was a<diieved. 
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8* A dipstick of claim 1 wherein the nucleic 
acid probes are covalently bound to the solid surface 
through spacer arms. 

9. A spacer arm of claim 8 derived from a thiol 
5 reactive substituent bound to a tethered nucleophilic 

amine on the 5' ends of the nucleic acid probes, said 
substituent having the formula: 

— (CH,)„ — X — y 

where X is -NH- or -NHC:0(CH2)^NH-, Y is a thiol reactive 
10 moiety, m is 2-12 inclusive, and n is 2-12 inclusive. 

10. A spacer arm of claim 9 where n is six and 
X is -NH-. 

11. The spacer arm of claim 9 wherein the 
reactive group upon the thiol -reactive moiety is an a 

15 halo-acyl or an a, 6-unsaturated carbonyl. 

12. The thiol reactive moiety of claim 11 
wherein the thiol -reactive moiety is selected from the 
group comprising haloacetamidobenzoyl and 4-(N- 
maleimidomethyl) -cyclohexane-l-carbonyl . 

20 13, A dipstick of claim 1 having a solid surface 

derivatized with sulfhydryl containing moieties. 

14. A dipstick of claim 13 wherein the 
sulfhydryl containing moieties are polymeric compounds 
having a multiplicity of sulfhydryl groups, 

25 15. A solid surface of claim 14 having proteins 

conjugated thereto through sulfhydryl bonding. 



30 



16. A surface of claim 15 wherein the proteins 
are selected from the group consisting of bovine serum 
albumin; casein; and liquid gelatin. 
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25. A me-thod of claim 24 wherein t:he nucleic 
acid probes are bound to a solid surface comprising one 
of the following group: 

a . polystyrene/ 1 at ex ; 
5 b . polystyrene ; 

c. latex beads; 

d. carboxyl modified latex microspheres; 

e. carboxyl modified glass; and 

f . carboxyl modified teflon. 
10 g- Nytran*. 

26. A method of claim 25 wharein the solid 
surface is comprised of carboxyl modified latex 
microspheres . 

27. A method of claim 26 wherein a solid surface 
15 which does not inhibit diffusion of nucleic acid, 

28. A method of claim 27 having a solid surface 
with an average pore size in excess of 100 microns. 

29. A method of claim 24 wherein the nucleic 
acid probes are covalently bound to the solid surface 

20 through spacer arms. 

30. A method of claim 29 wherein the spacer arms 
are derived from a thiol -reactive substituent linked to 
a tethered nucleophilic of amine on the 5' ends of the 
nucleic acid probes wherein the substituent is of the 

25 formula: 

— (CH^)^ — X-Y 
where X is -NH- or -NHCtOCCHjj^NH-, Y is a thiol reactive 
moiety, m is 2-12 inclusive, and n is 2-12 inclusive. 



30 



31. A method of claim 30 where n is six and X is 

-NH-. 
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40, A method of claim 24 comprising hybridizing 
target and probe nucleic acids in a hybridization buffer 
comprising an ammoniim salt selected from the group 
consisting of trialkylammonium salt and 

* 5 tetraallcylammonium salt wherein the alJcyl groups are the 
same or different and are comprised of between 1 and 3 
carbon atoms inclusive. 

41. A method of claim 40 wherein the 
trialkylammonium salt is triethylammonium chloride, 

10 42. A method of claim 40 wherein the salt is a 

tetraal)cylammonium salt. 

43. A method of claim 42 wherein the tetra- 
allcylammonium salt is tetramethylammonium chloride or 
tetraethy launmonium chloride . 

15 44. A method of claim 40 wherein the salts are 

selected from the group comprising acetate, iodide, 
perchlorate, thiocyanate, chloride and bromide. 

45. A method of claim 42 wherein the 
concentration of alkylammonium salt is between about 2 M 

20 and 3.5 Moles. 

46. A method for conducting a nucleic acid 
hybridization assay using nucleic acid probes covalently 
bound to a solid surface, the method comprising (a) 
modifying the surface of solid support in a nucleic acid 

25 hybridization assay by covalently binding a surface- 
modifying moiety through a covalent bond selected from 
the group consisting of disulfide linkage and thiol 
ether; (b) contacting the solid support with a 
hybridization medium containing target nucleic acid; (c) 

30 removing target nucleic acid not hybridized to the 
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the surface through disulfide bonds; (b) releasing the 
proteins through thiol reduction after step (a) ; and (c) 
detecting hybridization between target and probe nucle.c 
acids. 

53. A method Of Claim 52 wherein the proteins 
linlced to the surface are selected from the group 
comprising bovine serum albumin, casein; or liquid 
geXa'tln. 

54. A method of claim 52 vherain the reactive 
10 surface comprises a solid surface ^ 

multiplicity of discrete regions having nuclexc acid 
probes covalently bound thereto. 

55. A method of claim 54 wherein the nucleic 
acid probes are bound to a solid surface comprising one 

15 of the following group: 

a . polystyrene/latex ; 

b. polystyrene; 

c. immobilized latex beads; 

d. carboxyl modified latex microspheres; 

e. carboxyl modified glass; and 

f . carboxyl modified teflon. 

g. Nytran«. 

56. A method of claim 55 wherein the surface is 
comprised of carboxyl modified latex microspheres. 

57. A method of claim 52 wherein the nucleic 
acid probes are covalently bound through spacer arms. 

58. A method of claim 57 wherein the spacer arms 
are derived from a thiol reactive substituent lin»^;<^ ^° 
a tethered nucleophilic amine on the 5- ends of the 

30 nucleic acid probes wherein the substituent is of the 
formula : 



20 



25 
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67- A method of claim €6 wherein the nucleic 
acid probes are complementary to sequences of human 
papilloma virus DNA. 

68 ♦ A method for conducting multiple target 
5 nucleic acid hybridizations in a sandwich assay format 
comprising hybridizing a multiplicity of nucleic acid 
probes to different target nucleic acids using a 
hybridization buffer comprising an amount of a salt 
having an anion and a cation wherein the cation is 

10 selected from the group comprising trialJcyl ammonium and 
tetraalkylamaaonium wherein the allcyl groups are the szime 
or different auid are comprised of between 1 and 3 carbon 
atoms inclusive, said Mount of salt effective to reduce 
the effect of variations in G:C and A:T content between 

15 the probes and the target nucleic acids when hybridizing 
into duplexes. 

69. A method of claim 68 wherein the 
trialicyl ammonium salt is triethylzuomonium chloride. 

70. A method of claim 68 wherein the salt is a 
20 tetraalkylzuomonium salt. 

71. A method of claim 70 wherein the tetra- 
alkyleunmonium salt is tetrame thy 1 ammonium chloride or 
tetraethylammoniim chloride. 

72. A method of claim 68 wherein the anions are 
25 selected from the group comprising acetate, iodide, 

perchlorate, thiocyanate, chloride and bromide. 



73. A method of claim 70 wherein the 

concentration of alkylammonium salt is between about 2 M 
and 3.5 Moles. 
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probes to target probes and then detecting the 
hybridization of laJDeled signal probes. 

80- A method of claim 79 wherein the assay is a 
sandwich assay. 

5 81. A method of claim 79 wherein the detecting 

step involves comparing the signal strength of the assay 
to standardized signal levels. 

82. A method of claim 80 wherein the target 
polynucleotide is derived from bacteria. 

10 83. A method of claim 81 wherein the target 

polynucleotide is derived from ribosomal RNA. 



84. A kit for conducting nucleic acid sandwich 
assays comprising containers containing signal probes in 
predetermined ratios of laOseled to unlabeled probes. 
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